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. Patent- og 

1 Varemesrfcestyrefsen 

METHOD FOR MAKING RECOMBINANT PROTEINS 

Mocftaget 

Field of the Inventton 

5 The present invention relates to scaffold/matrix attachnrient regions isolated from 

hamster celts and their use for the industrial production of recombinant proteins. 

Background of the Invention 

Advances in cell culture and recombinant DNA technologies have facilitated the expression of a 

10 variety of proteins of therapeutic or other economic value using genetically engineered cells. 
The expression of many biologically active therapeutic proteins, which are derived from higher 
eukaryotic sources, often requires specific post-translational modifications which do not naturally 
occur in lower eukaryotic or prokaryotic cells, thus necessitating the use of cells derived from 
higher eukaryotic sources. For example, the expression of glycoproteins in mammalian cells 

15 has the advantage of providing proteins which contain natural glycosylation. Mammalian- 
produced glycoproteins contain outer chain cartx)hydrate moieties which are mari<edly different 
from the outer chain carbohydrate moieties present on glycoproteins produced from lower 
eukaryotes. The use of mammalian cells as hosts for the production of secreted mammalian 
proteins has the significant advantage over secretion from lower eukaryotes in that mammalian 

20 cells have a secretory system that readily recognizes and properly processes secretion-directed 
proteins, which is not necessarily true for lower eukaryotes. 

Scaffold Attachment Regions (SAR), also called Matrix Attachment Regions (MAR) 
or Scaffold/Matrix Attachment Regions (S/MAR) are non-consensus-like AT-rich DNA ele- 
ments several hundred base pairs (bp) in length, which organize the nuclear DNA of the eu- 

25 karyotic genome into some 60,000 chromatin domains, 4 - 200 kbp loops, by periodic at- 
tachment to the protein scaffold or matrix of the cell nucleus. S/MARs have been isolated 
from regions surrounding actively transcribed genes but also from introns, centromeres and 
teleomeric regions and have been found to collaborate with enhancers to help regulate tran- 
scription by controlling the chromatin state of DNA. The observations that S/MARs positively 

30 interact with enhancers, fonri loop domains and often are located at the borders of transcrip- 
tionally active domains have led to the idea of using S/MARs as flanking elements around 
transgenes, forming so called mini-domains, in order to protect transgenes or expression 
cassettes from transcriptional silencing and the effects of surrounding heterochromatin (tran- 
scriptionally inactive chromatin) as well as possibly increase gene expression. Several publi- 

35 cations have shown that S/MARs in a flanking position can strongly stimulate expression of 
transgenes, as well as reduce expression variability between cell clones (position effects). 
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Moreover, due to th character of a mini-domain, expression should be independent from the 
integration site. 

US patent No. 5,985.607 discloses the use of certain SAR elements for expression 
of EPO and tPA . In Biochemistry. 30:1264-1270, 1991 the effect of other SAR elements on 
5 expression of the human interferon p is disclosed. Also Phi-Van et al. in Mol. Cell. Biol, 
10:2302-2307. 1990 (The chicken lysozyme 5' matrix attachment region increases transcrip- 
tion from a heterologous promoter in heterologous cells and dampens position effects on the 
expression of transfected genes") disclose the influence on gene expression of a MAR ele- 
ment located upstream of the chicken lysozyme gene. 
10 The proteins involved in the clotting cascade, including, e.g.. Factor VII, Factor VIII, 

Factor IX, Factor X, and Protein C, are proving to t>e useful therapeutic agents to treat a va- 
riety of pathological conditions. Because of the many disadvantages of using human plasma 
as a source of pharmaceutical products, it is preferred to produce these proteins in recombi- 
nant systems. The clotting proteins, however, are subject to a variety of co- and post- 
15 translational modifications, including, e.g.. asparagine-linked (N-linked) glycosylation; O- 
linked glycosylation; and y^carboxylation of Glu residues. For this reason, it is preferable to 
produce them in mammalian cells, which are able to modify the recombinant proteins appro- 
priately. Production of recombinant proteins within mammalian cells can be difficult because 
of a low genetic stability of the recombinant gene and/or silencing of the recombinant gene. 
20 Several molecular mechanisms have been reported that may lead to gene silendng, a. o. 
DNA methylation and histone deacetylation. 

Thus, there is a need in the art to overcome the deficiencies of the known methods 
for making clotting proteins by providing mammalian production strains with a higher genetic 
stability in large-scale production to produce industrial quantities of the clotting proteins, par- 
25 ticulariy recombinant human Factor VII or Factor Vll-related polypeptides. 

Summarv of the Invention 

The present invention is based on the discovery of new S/MAR elements from ham- 
ster-derived CHO and BHK cells, which may be used for increasing and stabilizing the ex- 

30 pression yield of recombinant proteins in mammalian c^lls. The S/MAR elements are thought 
to increase the genetic stability of nearby transcription cassettes and to inhibit gene silencing 
tby interfering with mechanisms such as DNA methylation and histone deacetylation. Fur- 
themiore, the presence of S/MAR elements is thought to decrease done-to-done variability 
through decreasing position effects, thereby minimalizing the need of screening work to iden- 

35 tify high-yielding producer cell clones. 
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The S/MAR el ments will typically be inserted upstream and downstr am to the 
DNA encoding the desired protein and will be introduced In the host mammalian cell line 
on expression vectors comprising the necessary elements for expression of heterolo- 
gous proteins in transfected cells. 
5 Thus in one embodiment the present invention relates to a method for production of 

Factor VII polypeptides or Factor Vll-related polypeptides comprising a) transfecting a mam- 
malian cell with an expression vector comprising a nucleic acid molecule encoding Factor VII 
or a Factor Vll-related polypeptide, expression control regions operatively linked to thereto 
and at least one S/MAR element; b) culturing the transfected cell under conditions for ex- 
10 pression of Factor Vli or a Factor Vll-related polypeptide and c) isolating the expressed poly- 
peptide by suitable means. 

In one embodiment the vector comprises two S/MAR elements flanking the DNA en- 
coding Factor Vli or a Factor Vll-related polypeptide and the expression control regions. The 
S/MAR elements may be selected from the group consisting of SEQ ID NO:1 and SEQ ID 
1 5 NO:2, functional fragments thereof and sequences being at least 70% homologous thereto. 

In a further embodiment the S/MAR elements will be at least 75%; 80%, 85%. 90% or 
95% homologous to SEQ ID NO:1 or 2, respectively as determined by pairwise DNA se- 
quence alignment using matching methods like the BU^ST (Basic Local Alignment Search 
Tool) algorithm (Altschul, S. F. et aL, 1990, "Basic local alignment search tool". J. Mol. Biol. 
20 215:403-410; and Altschul, S. F. et a!., 1997, "Gapped BU\ST and PSI-BLAST: a hew gen- 
eration of protein database search programs". Nucl. Acids Res. 25:3389-3402). Examples of 
S/MAR sequences homologuos to SEQ ID NO:1 and 2 are SEQ ID NO:3; 4 and 5. 

The S/MAR elements may be the same or different and may be located in a distance 
of from 0 to10 kb from the DNA encoding Factor VII or a Factor Vll-refated polypeptide and 
25 the expression control regions. 

In one embodiment of the present invention the vector comprises two S/MAR ele- 
ments being the same. In a further embodiment the S/MAR elements are the same and are 
selected from the group consisting of SEQ ID NO:1 ; 2; 3; 4; and 5. 

In a further embodiment the vector comprises two S/MAR elements which are differ- 
30 ent from each other with respect to base pairs and numbers. 

The present invention encompasses any combination of SEQ ID NO:1; 2; 3; 4; and 5. 

In another embodiment the present invention is related to a method for production of 
polypeptides or proteins in transfected mammalian cells comprising a) transfecting a mam- 
malian cell with an expression vector comprising a nudeic acid molecule encoding a poly- 
35 peptide or protein, expression control regions operatively linked thereto and at least one 
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S/MAR element selected from the group consisting of SEQ ID NO:1 and SEQ ID NO:2, func- 
tional fragments thereof and sequences being at least 70% homologous thereto; b) culturing 
the transfected cell under conditions for expression of the desired polypeptides or protein 
and c) isolating the expressed product by suitable means. 
5 The S/MAR elements will in a further embodiment be at least 75%; 80%, 85%, 90% 

or 95% homologous to SEQ ID NO:1 or 2. respectively as determined by painvise DNA se- 
quence alignment using matching methods like the BLAST (Basic Local Alignment Seardi 
Tool) algorithm (Altschul, S. F. et aL, 1990, "Basic local alignment search tool". J. Mol. Biol. 
215:403-410; and Altschul. S. F. et aL, 1997, "Gapped BLAST and PSI-BLAST: a new gen- 

10 oration of protein database search prc^rams". Nud. Acids Res. 25:3389-3402). Examples of 
S/MAR sequences homologuos to SEQ ID NO:1 and 2 are SEQ ID NO:3; 4 and 5. 

The S/MAR elements may be the same or different and may be located in a distance 
of from 0 tolO kb from the DNA encoding Factor VII or a Factor Vll-related polypeptide and 
the expression control regions. 

15 In one embodiment of the present invention the vector comprises two S/MAR ele- 

ments being the same and selected from the group consisting of SEQ ID NO:1; 2; 3; 4; and 
5, 

In a further embodiment the vector comprises two S/MAR elements which are differ- 
ent from each other with respect to base pairs and numbers. In this embodiment, the pair of 

20 S/MAR elements can be any combination of SEQ ID NO:1 ; 2; 3; 4; and 5. 

In a further embodiment the present invention is related to an isolated DNA molecule 
having a nucleotide sequence selected from the group consisting of SEQ ID NO:1 and 2 and 
sequences being at least 70% homologous thereto or sequences that hybridize to the iso- 
lated DNA under stringent conditions. 

25 In a still further embodiment the present invention is related to mammalian cell lines 

transfected with an expression vector comprising a nucleic acid molecule encoding Factor VII 
or a Factor Vll-related polypeptide, expression control regions operatively linked to thereto 
and at least one S/MAR element. 

In still a further embodiment the present invention is related to mammalian cell lines 

30 transfected with an expression vector comprising a nucleic acid molecule encoding a poly- 
peptide or protein expression control regions operatively linked to thereto and at least one 
S/MAR element selected from the group consisting of SEQ ID N0:1 and SEQ ID NO:2 , func- 
tional fragments thereof and sequences being at least 70% homologous thereto 



Bri f Description of th Drawings 

The invention is further explained with reference to the drawings in which: 

Figure 1 shows plasmid pSEAP2-Hygro-MCS; 

Figure 2 shows plasmid pSEAP2-CI\4Vp; 

Figure 3 shows plasmid pB4B1-SEAP2-B4B1; 

Figure 4 shows plasmid pLRCA2-SEAP2-LRCA2; 

Figure 5 shows plasmid delta-LRCA2-SEAP2-LRCA2; 

Figure 6 shows plasmid pFVII-CIMVp; 

Figure 7 shows plasmid delta-LRCA2-FVII-HYG-LRCA2; and 

Figure 8 shows plasmid B4B1-FVII-HYG-B4B1 

Figure 9 shows SEAP expression data from transfected CIHO cells 

Detailed Description off the Invention 
Definitions 

The terms Scaffold Attachment Regions (SAR) or Matrix Attachment Regions (MAR) 
or Scaffold/Matrix Attachment Regions (S/MAR) as used herein refer to non-consensus-like 
AT-rich DNA elements several hundred base pairs (bp) in length, which organize the nuclear 
DNA of the eukaryotic genome into some 60,000 chromatin domains, 4 - 200 kbp loops, by 
periodic attachment to the protein scaffold or matrix of the cell nucleus. S/MAR elements are 
typically found in non coding regions such as flanking regions, such as regions upstream or 
downstream to a coding region, and introns. 

The S/MAR elements according to tfie present inventions were isolated from BHK 
cells and CHO cells, e.g. CHO cell line DG44 (Uriaub, G. et al., 1983, "Deletion of the diploid 
dihydrofolate reductase locus from cultured mammalian cells". Cell 33:405-412). 

Methods for identifying S/MAR elements are computer prediction using MAR- 
FINDER software to search for several sequence motifs, f. ex. origin of replication, AT-rich 
sequence, TG-rich sequence, and curved DNA sequence, (Singh, G. B., Kramer, J. A. and 
Krawetz, S. A. (1997). "Mathematical model to predict regions of chromatin attachment to the 
nuclear matrix". Nucl. Acids Res. 25:1419-1425). 

With at least 70% homology is meant DNA wherein the nucleotide sequence is least 
70% homologous to a defined sequence measured by pairwise DNA sequence alignment 
using matching methods like the BLAST (Basic Local Alignment Search Tool) algorithm (Alt- 
schul, S. F. et al.. 1990. "Basic local alignment search tool". J. Mol. Biol. 215:403-410; and 
Altschul, S. F. et al., 1997, "Gapped BLAST and PSI-BLAST: a new generation of protein 
database search programs". Nucl. Acids Res. 25:3389-3402). 
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The term functional fragments of SEQ ID NO:1 and 2 as used herein means frag- 
ments of said sequences of a size large enough to have the desired effect on expression 
yields. The functional fragments will typically contain at least 300 bp of the full size of SEQ ID 
NO:1 and 2. The fragments will preferably be a consecutive sequence of the original se- 
5 quenoe. Examples of such fragments are SEQ ID NO:3 from bp 543 to bp 2545 of SEQ ID 
NO:1; SEQ ID NO:4 from bp 437 to bp 2715 of SEQ ID NO:1 and SEQ ID NO:5 having a 12 
base pair deletion in the GT rich region from bp 1551 to 1604 in SEQ ID NO:1. 

The term flanking means that the sequences in question are either directly con- 
nected to the expression cassette or are connected by linlcing DNA sequences which may be 

10 up to 10 kb or more In length as long as such linking sequences do not interfere with the de- 
sired effect of the S/MAR elements. The expression cassette comprise at a minimum a gene 
of interest and expression control elements operatively linked thereto. Typically S/MAR ele- 
ments will flank both sides, 5'-upstream and 3'-downstream, of the expression cassette. The 
orientation of the S/MAR elements is optional and expression cassette can be flanked by all 

15 possible combinations of the S/MAR sequences SEQ ID:1; SEQ NO:2; SEQ ID3; ID NO:4 
and SEQ ID NO:5. 

The control elements will comprise the usual regulatory elements such as transcrip- 
tional promoters, enhancers. RNA polymerase binding sites, polyadenylation sites, transla- 
tion initiation signals, and termination signals and may be readily accomplished by one of or- 

20 dinary skill in the art. 

By human Factor VII polypeptides is meant polypeptides having the amino acid se- 
quence disclosed in U.S. Patent No. 4,784,950 {wild-type Factor Vil). As used herein, "Fac- 
tor Vir or "Factor VII polypeptide" encompasses wild-type Factor VII, as well as variants of 
Factor VII exhibiting substantially the same or improved biological activity relative to wild-type 

25 Factor VII. The term "Factor VII" is Intended to encompass Factor VII polypeptides in their 
uncleaved (zymogen) form, as well as those that have been proteolytically processed to yield 
their respective bioactive forms, which may be designated Factor Vila. Typically, Factor VII 
is cleaved between residues 152 and 153 to yield Factor Vila. 

As used herein, "Factor Vll-related polypeptides'* encompasses polypeptides, includ- 

30 ing variants, in which the Factor Vila biological activity has been substantially modified or re- 
duced relative to the activity of wild-type Factor Vila. These polypeptides include, without 
limitation. Factor VII or Factor Vila that has been chemically modified and Factor VII variants 
into which specific amino acid sequence alterations have been introduced that modify or dis- 
rupt the bioactivity of the polypeptide. 
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7 

The biological activity of Factor Vila in blood clotting derives from its ability to (i) 
bind to tissue factor (TF) and (ii) catalyze the proteolytic cleavage of Factor IX or Factor 
X to produce activated Factor IX or X (Factor IXa or Xa, respectively). For purposes of 
the invention^ Factor Vila biological activity may be quantified by measuring the ability 
5 of a preparation to promote blood clotting using Factor Vll-deficient plasma and throm- 
boplastin, as described, e.g., in U.S. Patent No. 5,997,864. In this assay, biological ac- 
tivity is expressed as the reduction in clotting time relative to a control sample and is 
converted to "Factor VII units" by comparison with a pooled human serum standard con- 
taining 1 unit/ml Factor VII activity. Alternatively, Factor Vila biological activity may b 

10 quantified by (i) measuring the ability of Factor Vila to produce of Factor Xa in a system 
comprising TF embedded in a lipid membrane and Factor X. (Persson et al., J. Biol. 
Chem. 272:19919-19924, 1997); (ii) measuring Factor X hydrolysis in an aqueous system 
(see. Example 5 below); (iii) measuring its physical binding to TF using an instrument 
based on surface plasmon resonance (Persson. FEBS Letts. 413:359-363, 1997) (iv) 

15 measuring hydrolysis of a synthetic substrate and (v) measuring generation of thrombin 
in a TF-independent in vitro system. 

Factor VII variants having substantially the same or improved biological activity 
relative to wild-type Factor Vila encompass those that exhibit at least about 25%, pref- 
erably at least about 50%, more preferably at least about 75% and most preferably at 

20 least about 90% of the specific activity of wild-type Factor Vila that has been produced 
in the same cell type, when tested in one or more of a clotting assay, proteolysis assay, 
or TF binding assay as described above. Factor VII variants having substantially re- 
duced biological activity relative to wild-type Factor Vila are those that exhibit less than 
about 25%, preferably less than about 10%. more preferably less than about 5% and 

25 most preferably less than about 1% of the specific activity of wild-type Factor Vila that 
has been produced in the same cell type when tested in one or more of a clotting assay, 
proteolysis assay, or TF binding assay as described above. Factor VII variants having a 
substantially modified biological activity relative to wild-type Factor VII include, without 
limitation. Factor VII variants that exhibit TF-independent Factor X proteolytic activity 

30 and those that bind TF but do not cleave Factor X. 

Variants of Factor Vil, whether exhibiting substantially the same or better bioactivity 
than wild-type Factor VII, or, altematively, exhibiting substantially modified or reduced bioac- 
tivity relative to wild-type Factor VII, include, without limitation, polypeptides having an amino 
acid sequence that differs from the sequence of wild-type Factor VII by insertion, deletion, or 

35 substitution of one or mor amino acids. Non-limiting examples of Factor VII variants having 



6448.000-OK 



substantially the same biological activity as wild-type Factor VII include S52A-FVIIa, S60A- 
FVIIa (lino et aL, Arch. Biochem. Biophys. 352: 182-192, 1998); FVIIa variants exhibiting in- 
creased proteolytic stability as disclosed in U.S. Patent No. 5,580,560; Factor Vila that has 
been proteolytically cleaved between residues 290 and 291 or between residues 315 and 
5 316 (Mollerup et al., Bioteohnol Bioeng, 48:501-505, 1995); and oxidized fomns of Factor 
Vila (Kornfelt et al.. Arch. Biochem. Biophys. 363:43-54, 1999). FVII variants as disclosed in 
PCT/DK02/00189; and FVII variants exhibiting Increased proteolytic stability as disctosed In WO 
02/38162 (Scripps Research Institute); FVII variants having a modified Gla-domain and ex- 
hibiting an enhanced membrane binding as disclosed in WO 99/20767 (University of Minne- 

10 sota); and FVII variants as disclosed in WO 01/58935 (Maxygen ApS). 

Non-limiting examples of FVII variants having increased biological activity compared 
to wild-type FVIIa include FVII variants as disclosed in WO 01/83725, WO 02/22776, Danish 
patent application PA 2001 01413. Danish patent application PA 2001 01627; and FVIIa 
variants with enhanced activity as disclosed in JP 2001061479 (Chemo-Sero-Therapeutic 

15 Res Inst). 

Non-limiting examples of Factor VII variants having substantially reduced or modified 
biological activity relative to wild-type Factor VII include R152E-FVIIa {Wildgoose et al.. Bio- 
chem 29:3413-3420, 1990), S344A-FVIIa (Kazama et aL. J. Bioi. Chem. 270:66-72. 1995), 
FFR-FVIIa (Hoist et al.. Eur, J. Vase, Endovasc, Surg. 15:515-520. 1998). and Factor Vila 

20 lacking the Gla domain, (Nicolaisen et al., FEBS Letts. 317:245-249, 1993). Non-limiting ex- 
amples of chemically modified Factor VII polypeptides and sequence variants are described, 
e.g., in U.S. Patent No. 5,997,864. 

The vector system may comprise two separate vectors being capable of expressing 
FVII and an endoprotease, respectively. In this embodiment the mammalian cells are co- 

25 transfected with the two vectors and then cultured in a suitable culture medium. Alternatively 
an already established Factor VII expression clone may be transfected with a vector capable 
of expressing the endoprotease. The vector system may also comprise one single vector 
comprising the FVII expression cassette and the endoprotease expression cassette. An ex- 
ample of sutable endoproteases is the KEX2 enzyme. 

30 The mammalian cells may include Chinese hamster ovary (CHO) cells. HeLa cells, 

baby hamster kidney (BHK) cells, COS cells, HEK 293 cells or other immortalized cell lines 
available, e.g., from the American Type Culture Collection. 

Examples of suitable mammalian cell lines are the COS (ATCC CRL 1650), BHK 
(ATCC CRL 1632, ATCC CCL 10), CHL (ATCC CCL39), HEK 293 (ATCC CRL 1573) or 

35 CHO (ATCC CCL 61 ) cell lines. 
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Methods of transfecting mammalian cells and expressing DNA sequences 
introduced in the cells are described in e.g. Kaufman and Sharp, J. MoL Biol. 159 (1982), 
601 - 621; Southern and Berg, J. MoL ApdI. Genet. 1 (1982), 327 - 341; Loyter et aL, Proc. 
Natl. Acad. Scl, USA 79 (1982), 422 - 426; Wigler et al.. CeH 14 (1978), 725; Corsaro and 
5 Pearson, Somatic Cell Genetics 7 (1981), 603, Graham and van der Eb. Viroloav 52 (1973), 
456; and Neumann et al., EMBO J. 1 (1982), 841 - 845. 

The vector may be any vector which may conveniently be subjected to recombinant 
DNA procedures, and the choice of vector will often depend on the host cell into which it is to 
be introduced. Thus, the vector may t>e an autonomously replicating vector, i.e. a vector 

10 which exists as an extra chromosomal entity, the replication of which is independent of 
chromosomal replication, e.g. a plasmid. Altematively, the vector may be one which, when 
introduced into a host cell, is integrated into the host cell genome and replicated together 
with the chromosome(s) into which it has been integrated. The vector is preferably an 
expression vector in which the encoding DNA sequence is operably linked to additional 

15 segments required for transcription of the DNA. In general, the expression vector is derived 
from plasmid or viral DNA, or may contain elements of both. The term, "operably linl^ed" 
indicates that the segments are arranged so that they function in concert for their intended 
purposes, e.g. transcription initiates in a promoter and proceeds through the DNA sequence 
coding for the polypeptide. 

20 The promoter may be any DNA sequence which shows transcriptional activity in the 

host cell and may be derived from genes encoding proteins either homologous or 
heterologous to the host cell. Examples of suitable promoters for directing the transcription of 
the encoding DNA in mammalian cells are the SV40 promoter (Subramani, S. et al., 1981, 
"Expression of the mouse dihydrofoiate reductase complementary deoxyribonucleic acid I 

25 simian virus 40 vector^, Mol. Cell. Biol. 1:854-864). the MT-1 (metallothionein gene) promoter 
(Palmiter. R. D. et al., 1983, ''Metallothionein-human HG fusion genes stimulate growth of 
mice". Science 222:8 09-14) or the human cytomegalovirus immediate-eariy promoter 
(Nelson, J. A and Groudine, M., 1986, Transcriptional regulation of the human 
cytomegalovirus major immediate-early gene is associated with induction of DNase I 

30 hypersensitive sites". Mot. Cell. Biol 6:452-461). 

The encoding DNA sequence may also, be operably connected to a suitable 
terminator, such as the human growth hormone terminator or the ADH3 terminator. 

The vector may further comprise elements such as polyadenytation signals (e.g. 
from SV40 or the adenovirus 5 Elb region), transcriptional enhancer sequences (e.g. the 
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10 

SV40 enhancer) and translational enhancer sequences (e.g. the ones encoding adenovirus 
VA RNAs). 

The vector will also preferably contain a signal peptide coding region, which codes 
for an amino add sequence linked to the amino tenninus of the FVII polypeptide which can 
5 direct the expressed FVII polypeptide into the cell's secretory pathway of the host cell. The 
signal may be homologous or heterologous to the host mammalian cell line and It may be the 
natural signal peptide 

Finally, the vector may comprise a DNA sequence enabling it to replicate in the host 
cell in question. An example of such a sequence in a mammalian cell is the SV40 origin of 
10 replication. 

The transfected mammalian cells are cultured in a suitable nutrient medium under 
conditions permitting the co-expression of FVII and the endoprotease whereupon FVII is 
recovered from the culture medium. The medium used to culture the mammalian cells may 
be any medium suitable for growing mammalian cells, such as minimal or complex media 

15 containing appropriate supplements. Suitable media are available from commercial suppliers 
or may be prepared according to published recipes (e.g. in catalogues of the American Type 
Culture Collection). FVII produced by the cells may then be recovered from the cultur 
medium by conventional procedures including separating the host cells from the medium by 
centrifugation or filtration, precipitating the proteinaceous components of the supematant or 

20 filtrate by means of a salt, e.g. ammonium sulfate, purification by a variety of 
chromatographic procedures, e.g. ion exchange chromatography, gelfiltration 
chromatography, affinity chromatography, or the like, dependent on the type of polypeptide in 
question. 

Separation of the expressed product from the cell culture may be achieved by any 
25 method known in the art, including, without limitation, removal of cell culture medium contain- 
ing the desired product from an adherent cell culture; centrifugation or filtration to remove 
non-adherent cells; and the like. 

Purification of the crude product may be achieved using any method known in the art, 
including, without limitation, affinity chromatography. In the case of Factor VII or FVII related 
30 products one or more of the following methods may be used: an anti-Factor VII antibody col- 
umn (see, e.g.. Wakabayashi et al., J. Biol. Chem. 261:11097, 1986; and Thim et al., 8/o- 
chem. 27:7785, 1988); hydrophobic Interaction chromatography; ion-exchange chromatogra- 
phy; size exclusion chromatography; electrophoretic procedures (e.g., preparative isoelectric 
focusing (lEF), differential solubility (e.g., ammonium sulfate predpitation), or extraction and 
35 the like. See. generally, Scopes, Protein Purification, Springer-Veriag, New York, 1982; and 
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Protein Purification, J.-C. Janson and Lars Ryden, editors, VCH Publishers. New York. 1989. 
Following purification, the preparation preferably contains less than about 10% by weight, 
more preferably less than about 5% and most preferably less than about 1%, of non-Factor 
VII proteins derived from the host cell. 
5 Factor VII and Factor Vll-related polypeptides may be activated by proteolytic cleav- 

age, using Factor Xlla or other proteases having trypsin-like specificity, such as, e.g.. Factor 
IXa, kallikrein. Factor Xa, and thrombin. See, e.g., Ostemd et al., Biochem. 11:2853 (1972); 
Thomas, U.S. Patent No. 4.456,591; and Hedner et ah, J. Clin, invest. 71:1836 (1983). 
Alternatively, Factor VII may be activated by passing it through an ion-exchange 

10 chromatography column, such as Mono Q® (Pharmacia) or the like. The resulting activated 
Factor VII may then be formulated and administered as described below. 

The Factor Vil or FVII related polypeptides produced by the present invention may 
be used to treat any Factor Vll-responsive syndrome, such as, e.g.. bleeding disorders, 
including, without limitation, those caused by clotting factor deficiencies (e.g., haemophilia A 

1 5 and B or deficiency of coagulation factors XI or VII); by thrombocytopenia or von Willebrand's 
disease, or by clotting factor inhibitors, or excessive bleeding from any cause. The 
preparations may also be administered to patients in association with surgery or other 
trauma or to patients receiving anticoagulant therapy. 

Preparations comprising Factor Vll-related polypeptides produced by the method 

20 according to the present invention, which have substantially reduced bioactivity relative to 
wild-type Factor VII, may be used as anticoagulants, such as, e.g., in patients undergoing 
angioplasty or other surgical procedures that may increase the risk of thrombosis or occlu- 
sion of blood vessels as occurs, e.g., in restenosis. Other medical indications for which anti- 
coagulants are prescribed include, without limitation, deep vein thrombosis, pulmonary em- 

25 bolism, stroke, disseminated intravascular coagulation (DIC). fibrin deposition in lungs and 
kidneys associated with gram-negative endotoxemla, myocardial infarction; Acute Respira- 
tory Distress Syndrome (ARDS), Systemic Inflammatory Response Syndrome (SIRS), Hemo- 
lytic Uremic Syndrome (HUS). MOF. and TTP. 

Pharmaceutical compositions comprising the Factor VII and Factor Vll-related 

30 preparations produced according to the present invention are primarily intended for 
parenteral administration for prophylactic and/or therapeutic treatment. Preferably, the 
pharmaceutical compositions are administered parenterally, i.e., intravenously, 
subcutaneously, or intramusculariy. They may be administered by continuous or pulsatile 
infusion. 
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The following xampies are intended as non-limiting illustrations of the present in- 
vention. 

Example 1: Cloning and characterization of SEQ ID NO:1, LRCA2 

5 Subtractive PGR techniques have been used to identify genes which are expressed 

to high levels in Chinese IHamster {Cricetulus griseus) Ovary cells (CHO cells) (Puck, T. T, et 
al., 1958, "Genetics of somatic mammalian cells. ML Long-term cultivation of euploid cells 
from human and animal subjects". J. Exp. Med. 108:945-956; Kao F. T. and Puck T. T., 
1968, "Genetics of somatic mammalian cells, VII. Induction and isolation of nutritional mu- 

10 tants in Chinese hamster cells". Proc. Natl. Acad. Sci. USA 60:1275-1281). One of the PCR 
products obtained by this assay, a 2.7 kb fragment was cloned from EcoRV digested CHO 
DNA (CHO cell line DG44) by use of DNA oligonucleotides CLC394 (AAAACTGGGAAC- 
CATTTGTG, SEQ ID NO:9) and CLC56L {CTGCAGAAGAGGCGACAG SEQ ID NO: 10) and 
the PCR-Select kit (CLONTECH). CLC394L and CLC56L are complementary to the CHO 

15 cyclophilin cDNA sequence (Genbank Accession no. XI 71 05). 

Subsequent analysis of the flanking sequences led to the isolation of a DNA frag- 
ment from the upstream region of the CHO cell cyclophilin gene (Bergsma, D. J. and Syl- 
vester, D., 1990, "A Chinese hamster ovary cyclophilin cDNA sequence". Nucl. Acids Res. 
18:200) promoter. This DNA fragment has been identified by computer-analysis (Singh. G. 

20 B., Kramer, J. A. and Krawetz, S. A.. 1997, "Mathematical model to predict regions of chro- 
matin attachment to the nuclear matrix". Nucl. Acids Res. 25:1419-1425) as a putative 
S/MAR element, which was named LRCA2, SEQ ID NO:1. 

Example 2: Cloning and characterization of SEQ ID NO: 2, B4B1 

25 A recombinant Baby Hamster Kidney cell line expressing a recombinant protein was 

analyzed for the chromosomal DNA encompassing the integrated plasmid DNA. To this end, 
chromosomal DNA of the recombinant BHK cell line has been Isolated by standard methods. 
The isolated DNA became subsequently subject of restriction enzyme digest. The restriction 
enzymes used were characterized as enzymes that did not digest sequences present within 

30 the integrated plasmid DNA. Such a restriction digest will give raise to DNA fragments con- 
taining all of the integrated plasmid and both up- and downstream flanking chromosomal 
DNA. Following digest, the generated DNA fragments were subjected to a ligation reaction, 
aiming at intra-molecular ligation giving raise to circular DNA molecules. These circular frag- 
ments were then transfected into bacteria, which subsequently were grown under antibiotic 

35 selection pressure. Only bacteria that have been transfected with DNA fragments containing 



6448.000-OK 



10 



13 

the integrated plasmid DNA, and therefore containing an antibiotic resistance gene, w re 
growing under these circumstances. Analysis of clones resulting from digestion with distinct 
restriction enzymes revealed that digestion with restriction enzyme H/ndlil resulted in the 
largest DNA fragments with about 3,500 base pairs up- and about 3000 base pairs down- 
stream of the integration site. These DNA fragments have been isolated, sequenced and 
analyzed. The upstream sequence has been identified by computer-analysis (Singh, G. B., 
Kramer. J. A. and Krawetz, S. A., 1997, "Mathematical model to predict regions of chromatin 
attachment to the nuclear matrix". Nud. Acids Res. 25:1419-1425) as constituting a putative 
S/MAR element, which was named B4B1, SEQ ID NO:2. 



Example 3: Construction of reporter aene vectors for DNA transfection 

In order to analyze the effect of the S/MAR elements LRCA2 and B4B1 on protein 
15 expression yields and expression stability, a series of plasmids has been constructed. These 
plasmids express a reporter gene Secreted Alkaline Phosphatase (SEAP), from an expres- 
sion cassette that is or is not flanked by S/MAR elements. These constructs have been 
cloned as follows: 

The plasmid pSEAP2-Hygro-MCS (Figure 1) was made by cloning of the Hygromy- 
20 cin B resistance gene from plND(SP1)/Hygro (tnvitrogen) as a 1.8 kb Ase\ (blunt, fill in) frag- 
ment in the unique Sa/I site (blunt, fill in) of pSEAP2-Basic (CLONTECH) and incorporation 
of a DNA MCS-linker GCTGGGCCCGATATCACCGGTTAATTAACTAGTTTAAAC SEQ ID 
NO:6 in to the unique Eco47lll site. 

To create plasmid pSEAP2-CMVp (Figure 2) primer JO-252 TATTAAGATO 
25 TAGTTATTAATAGTAATCAATTAC SEQ ID NO:7 and primer JO-253 TATA- 
TAAGCTTGATCTGACGGTTCACTAAAC SEQ ID NO:8 were used to generate a 0.6 kb PCR 
amplified DNA fragment containing the human CMV IE promoter. The fragment was cut with 
BglW and HindWl before cloning into pSEAP2-Hygro-MCS. 

To create plasmid pB4B1-SEAP2-B4B1 (Figure 3) pB4B1-SEAP2 and pSEAP2- 
30 B4B1 were first made by inserting a 3.6 kb B4B1 BamHI-H/ndlil (blunt, fill in) fragment at two 
locations in the pSEAP2-CMVp vector. Into the Mlu\ site (blunt, fill in) or into the EcoRV site 
which generated pB4B1-SEAP2 and pSEAP2-B4B1, respectively. pB4B1-SEAP2 and 
pSEAP2-B4B1 were cut with H/ndlll and Age\ and the B4B1 containing DNA fragments from 
these digests were ligated to generate pB4B1-SEAP2-B4B1. 
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Plasmid pSEAP2-LRCA2 was made by inserting a 2.0 kb LRCA2 H/ndlll-EcoRI 
(blunt, fill in) fragment (SEQ ID NO:3) into the EcoRV site of pSEAP2-CMVp. pLRCA2- 
SEAP2 was made by cloning of a 2.3 kb LRCA2 MluUBcIl fragment (SEQ ID NO:4) in to the 
MM'BglW sites of pSEAP2-CMVp. pLRCA2-SEAP2 and pSEAP2-LRCA2 were cut with 
5 8sa36l and Agel and the LRCA2 containing DNA fragments from these digests were iigated 
to generate pLRCA2-SEAP2-LRCA2 (Figure 4). 

The MluMSM LRCA2-CMV fragment in pLRCA2-SEAP2-LRCA2 (Figure 4) was re- 
placed with a PGR amplified 2.3 kb LRCA2 fragment containing Mlu\ and Sfu\ restriction sites 
at the 5'and 3'ends, respectively, generating construct ALRCA2-SEAP2-LRCA2 (Figure 5). 
10 The PGR amplified LRGA2 fragment named ALRGA2 contains a 12 bp deletion in the large 
GT-repeat (SEQ ID NO:5). 

Example 4: Construction of Factor VII cDNA expression vectors for DNA transfec" 
tlon 

15 In order to analyze the effect of the S/MAR elements B4B1 and LRCA2 on clone-to- 

ctone variability, expression levels and stability when expressing therapeutic proteins, a se- 
ries of plasmids has been constructed. The plasmids express a therapeutic protein coagula* 
tion factor VII (FVII), from an expression cassette that is or is not flanked by S/MAR ele- 
ments. The plasmids were made as follows: 

20 To create pFVII-CMVp (Figure 6), a 1.7 kb H/ndlll-Safl (blunt, fill in) DNA fragment 

containing the human Factor VII gene and the SV40 3' UTR/polyA signal was Iigated into the 
H/ndlll and Mfe\ (blunt, fill In) sites of vector pSEAP2-CMVp and thereby replacing the SEAP 
gene. 

Factor VII expression vector ALRCA2-FVII-HYG-LRCA2 (Figure 7) was made by 
25 cloning of a Nhe\ containing linker sequence at the Sfu\ site in ALRCA2-SEAP2-LRCA2 (Fig- 
ure 5). The modified ALRGA2-SEAP2-LRGA2 vector was aftenA/ards digested with Apa\ and 
Nhe\ and the 7.0 kb LRGA2 fragment Iigated to the 4.4 kb NheUApal fragment from vector 
pFVII-CMVp (Figure 6) thus generating vector ALRCA2-FVII-HYG-LRGA2 (Figure 7). 

The GMV-SEAP-HYG H/ndlll/Sa/l fragment from the pB4B1-SEAP2-B4B1 (Figure 3) 
30 construct was replaced with the 3.5 kb H/ndlll/Sa/l fragment from the pFVil-GMVp (Figure 6) 
construct containing the GMV-FVII- HYG elements, generating the B4B1-FVII-HYG-B4B1 
(Figure 8) construct. 

CHO-K1 cells (ATCC CCL-61), cultured in growth medium (Dulbecco's modified Ea- 
gle's medium, 10% fetal calf serum. 100 lU penicillin and streptomycin, non-essential amino 
35 adds, and 5 mg/l vitamin K1 ), were transfected using Fugene 6 transfection reagent as per 
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manufacturer's instructions (Roche. Basel, Switzerland). Stable pools of transfectants w re 
obtained by Hygromycin selection as per manufacturer's instructions (Invitrogen, Carlsbad, 
CA). FVII protein yields in the culture medium were determined by standard sandwich ELISA 
technique (Novo Nordisk), well known to persons skilled in the art. 
5 From the pools of transfectants, a limiting dilution cloning was performed. 

Briefly, 2 cells pr. well were seeded in 96-well microtiter tissue culture plates in growth 
medium containing Hygromycin. Following incubation for 13 days medium was re- 
placed, and 24 hr later medium was harvested for FVII ELISA analysis. All samples 
were compared for FVII expression yields. 
10 Table 1 shows that flanking of the Factor VII expression construct by either B4B1 or 

LRCA2 leads to decreased variation in expression levels between different founder clones. 



Table 1 





pCMV-FVii- HYG 


pB4B1 -FVII-HYG-B4B1 


PALRCA2-FVII- 
HYG-LRCA2 


% variation In 
FVII protein 
expression 


221 


141 


115 



15 

Example 5: Transfection of mammalian cells and SEAP assay 

Chinese Hamster Ovary (CHO) DG44 cells maintained in MEM Alpha medium (Invi- 
trogen, Cat # 22571) supplemented with 5% heat inactivated fetal bovine serum (Invitrogen), 

20 108 mg/L L-proline (Sigma), and penicillin (100 units/ml)/streptomycin (100 |ig/ml) (Invitro- 
gen) at 37''C and 5% CO2 were transfected using the GeneJammer transfection agent 
(Stratagene) according to the manufactures instructions. Briefly, cells seeded in 6-well cell 
culture plates were approximately 40-50% confluent on the day of transfection and trans- 
fected with 2 ^g of linearized plasmid DNA. 

25 To generate hygromycin B resistant cell cultures, transfected cells was one day post 

transfection propagated in MEM Alpha growth medium containing 350 ^g/mt hygromycin B 
(Roche). After 10 to 14 days of selection, where the cells were re-fed every 2™* or 3"* day with 
selective medium, hygromycin B resistant cells were confluent in the wells. From the day of 
100% confluency and fonvard the cell cultures were split 1:12 to 1:30 every 3"** or 4*** day. On 

30 day 29 post transfection cell cultures were split to growth medium without hygromycin. On 
day 32, 39, and 46 post transfection each cell culture was washed with PBS, trypzined and 
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seeded to approximately 30% confluency in 200 nl growth medium in five wells in a 96-well 
cell culture plate. After 24 hours of growth at 37°C and 5% CO2 100 )il culture supernatant 
was withdrawn from each micro titer plate well and used for assaying Secreted Alkaline 
Phosphatase (SEAP) activity. In order to be able to measure specific SEAR production levels 
5 each well was assayed for relative cell numbers using Alamar Blue (BioSource International) 
cell proliferation assay according to the manufactures instructions. 

SEAP levels were measured fluorometrically using 4-methylumbelliferyl as sub- 
strate. Briefly, ttie harvested medium was incubated at 6S**C for 15 min to Inactivate endoge- 
nous alkaline phosphatase and the medium was clarified by centrifugation at 4000 x g for 5 

10 in at 4''C. 50 |il of culture supematant and 2- to 10-fold diluted samples was pippeted into 96- 
well plates and development in fluorescence (Exseonm and Enrusonm) was followed as a func- 
tion of time in a FLUOstar Galaxy (BMG Labtechnologies, Germany) fluorescence microplate 
reader after addition of 225 of 4-methylumbelliferyl phosphate liquid substrate (Sigma). 

On day 32, 39, and 46 post transfection stable transfected cell pools trans- 

15 fected with plasmid pSEAP2-Hygro-MCS, pSEAP2-CMVp. pB4B1-SEAP2-B4B1, or 
pLRCA2-SEAP2-LRCA2 were assayed for SEAP production. In figure 9 are shown the re- 
sults from one such experiment showing that flanking of the SEAP expression construct by 
either B4B1 or LRCA2 leads to increased expression levels. Additionally it is seen that SEAP 
expression is stable over time. 

20 

Example 6: In Vitro Hydrolysis Assay 

The following method can be used to assay Factor Vila bioactivity. The assay is car- 
ried out in a microtiter plate (MaxiSorp, Nunc. Denmark). The chromogenic substrate D-lle- 
Pro-Arg-p-nitroanilide (S-2288, Chromogenix, Sweden), at a final concentration of 1 mM, is 

25 added to Factor Vila (final concentration 100 nM) in 50 mM Hepes, pH 7.4, containing 0.1 M 
NaCI, 5 mM CaCb and 1 mg/ml bovine serum albumin. The absorbance at 405 nm is meas- 
ured continuously in a SpectraMax™ 340 plate reader (Molecular Devices, USA). The ab- 
sorbance developed during a 20-minute incubation, after subtraction of the absorbance in a 
blank well containing no enzyme, is used to calculate the ratio between the activities of a test 

30 and a reference Factor Vila. 



Example 7: In Vitro Proteolysis Assay 

The following method can be used to assay Factor Vila bioactivity. The assay is car- 
ried out in a microtiter plate (MaxiSorp, Nunc, Denmark). Factor Vila (10 nM) and Factor X 
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(0.8 microM) in 100 ^1 50 mM Hepes, pH 7.4, containing 0.1 M NaCI. 5 mM CaCl2 and 1 
mg/ml bovine serum albumin, are incubated for 15 min. Factor X cleavage is then stopped 
by th addition of 50^1 50 mM Hepes. pH 7.4, containing 0.1 l\1 NaCI, 20 mM EDTA and 1 
mg/ml bovine serum albumin. The amount of Factor Xa generated is measured by addition 
5 of the chromogenic substrate Z-D-Arg-Gly-Arg-p-nitroanilide (S-2765, Chromogenix, Swe- 
den), final concentration 0.5 mM. The absorbance at 405 nm is measured continuously in a 
SpectraMax™ 340 plate reader (Molecular Devices, USA). The absorbance developed dur- 
ing 10 minutes, after subtraction of the absorbance in a blanic well containing no FVIIa. is 
used to calculate the ratio between the proteolytic activities of a test and a reference Factor 
10 Vila. 

All patents, patent applications, and literature references refenred to herein are 
hereby incorporated by reference in their entirety. 

Many variations of the present invention will suggest themselves to those skilled in 
the art in light of the above detailed description. Such obvious variations are within the full 
15 intended scope of the appended claims. 
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Sequenc s listing 
SEQ ID NO:1 

LRCA2 full s quence (2J15 bp): 



10 



15 



20 



25 



30 



35 



40 



45 



50 



1 
61 
121 
181 
241 
301 
361 
421 
481 
541 
601 
661 
721 
781 
841 
901 
961 
1021 
1081 
1141 
1201 
1261 
1321 
1381 
1441 
1501 
1561 
1621 
1681 
1741 
1801 
1861 
1921 
1981 
2041 
2101 
2161 
2221 
2281 
2341 
2401 
2461 
2521 
2581 
2641 
2701 



CTGCAGGAAG 
TCGTTTTCTT 
AACCACCAGT 
GTTGTTTACC 
CTTTCTCCAA 
CAGGGAAGAG 
CAGTCCCCTG 
GGGCCATGGC 
TGTTGATGTG 
TAAGCTTTCC 
GGGGCTGCTG 
TCCCTTTCTC 
AAACACTTCT 
GGTTTCCATA 
AAGCTGTGGT 
CTTGCTTTGT 
GGTACAGTCT 
TGACATCAGT 
GGAGAGAATG 
GCTGTAGCTG 
GAATTGCAAT 
TCATCTGCTT 
TGCTTCTTAG 
TATCCATG6T 
ATTCTGTTAC 
AATTATCAAT 
GTGTGTGTGT 
CTGTGTCTTG 
TAT T CAT ATT 
TTTAGGTCTG 
CTTTCTCCAA 
TAGTCTCTTG 
GGAAAAGTCA 
TTGCATCTTT 
GTGGGGAGTT 
TAGGCATCTC 
CCCTGCTTTT 
CTGGCTTCCT 
GTATCCATTT 
CTGTCAGTGA 
TTCCTTCAGT 
TACTCATTTT 
CCTCTTCAAG 
CAGCTATGTT 
GGTTGTTATT 
ATTCTAGGTG 



AGGCGACAGG 
CTGCTTCATC 
TTCTGGTTGT 
CATCTCTTCC 
TTGATGCAAT 
CCTCAGGTGA 
GGTACAGGCA 
TCTGGTGATC 
GTAGAGTATC 
AQAGAGACTT 
CCTTTCTCCC 
TAACACTTCT 
ATTTCTTGAT 
AGTTTGTAAG 
GGTCAGATAG 
TTTGAAATAT 
TTGTGTTTTG 
TAGCTCCAGC 
GGGTATTGAA 
TGCTTGTTTT 
GTCCTCTTGG 
AGTTTTGGGT 
GGCCATTTGC 
AGGTTGTCTT 
CCAGTATCTT 
GAGCAGTGTT 
GTGTGTGTGT 
TGTGTCTGTG 
TTCTTGAATG 
CATTTGAAGA 
CTATTGTGAC 
GAGTCTGTAG 
GGTGTAATTC 
TAATATTCTT 
TCTTTTCCGG 
TTTCTCAAGG 
GACCTGCCTT 
GGATGTTTTA 
CTTCTATCTT 
GGCTTGTCTC 
TTGGGTTTTG 
CCTCCCAGTA 
GACCTTTTAT 
GCATTCTCAG 
GTCTGTGTTT 
CTGAT 



GGACAGCGGC 
TGCACTGGGA 
GCCATAATGC 
TCCAATTGTA 
TGGAGGCTAT 
TTGCTCCTCT 
TGGCCATGGC 
ACTCCTCTAG 
TCATACAGAG 
CATAATATAT 
TGTCTGATTC 
GGGCCAGGGT 
TTCTATCTTG 
TTTTCTGTTG 
GACATAGAGT 
GTATTCAATT 
GTGAAATAGT 
ATTTCTCTGT 
GTAGCCCACT 
ATGAACTTGG 
TGGATTTTCC 
TTAAGTCTAT 
TTAGAATATC 
TTTTGGATGC 
TTTCTAGAGA 
TGTGGATTCT 
GTGTGTGTGT 
TTCTCTCCCC 
TGGGTAACAT 
TAGATATTCT 
AGAAAGTTTT 
CACATCTGTG 
TAATACATCT 
TCTTTGTTCT 
TCCAATCTAT 
TTAGGAAATT 
CTTCCCCTTC 
TGCCTGGATT 
GTCTTCACTG 
TGAGGTTCCT 
TTTATTAATT 
TTTACATTTT 
GAATTCATAA 
GGCCTATTGT 
TTGCTTTGGC 



ATCTGCAAAA 
TGTTCAGATG 
TCTTTATGTT 
CAGATGAATC 
GGCTCCTTTG 
AGATGCTGGC 
TCCAGAGATT 
TGAAAGGTGG 
GATAGCACTA 
TTTCTTGAAG 
CTAGGGTGAG 
AGGGGCACTA 
GCTCATTTTT 
TTTCTGTTGT 
ATTATTTCAA 
TTGGAGAGTT 
CTGTAAATAT 
TTCGTTTTTT 
ATCTGTGTGT 
GTGACATTGT 
TTTGATGCCT 
TAGTCAGATA 
TTTTCCATCC 
AGCAGTAGGA 
AATTAAGATC 
TGTTATCTTG 
GTGTGTGTGT 
TCTTTTGATT 
CTTTAGATTG 
TTACATCTGA 
TCTAAGTGCA 
CAGGGCCTTC 
GCCTTTATAT 
ATACTTTTAG 
TTGGTGTTTT 

CTCTATTCCT 
ATTTTAGACT 
CCTGAGATTC 
GTTGGGTTCT 
CTATTTCCAC 
CATAGGTTTC 
AATGTATGTT 
AATAGGGTTT 
ATATAGACGG 



CCCATAAAGT 
TTCAGGTCTT 
GTCCAGTGTA 
CAGTGTTTCA 
ATCACTCCTC 
AGGCCCAATG 
GCCTCTTCCA 
GGGTCTGAGG 
GATGCTGTCT 
CCTCTGCTGG 
GGTTACCACT 
CCGCATTCCC 
AACTCAGTAG 
TGTTGTTGTT 
TTGTCTTTTA 
TCATAGGGTG 
CTCTAGGTCC 
GTTGAGATGA 
GAGGTCAATA 
GTTTGGTGCA 
ATGTAGTATT 
TTAAAATGAC 
TTTTACTCTA 
TGGATCTTGT 
ATTGAGTCAT 
CACTTGTGAA 
GTGTGTGTGT 
TTTGGCCTGG 
AAGTTTTTCT 
TTTTATCTTA 
GTAGTCTGGC 
TTACATTTTG 
GTTAATTGGT 
TGATTTGATT 
GTATGCTTCT 
GGTTTTCTTG 
TTGGTTTTTG 
TAACATTTTC 
TCTCTTCTAT 
TAATTTTTTC 
TTTCAGGTCC 
TTTAATGGAT 
AAGGTCCTTG 
TAGCAGGGAC 
CTGAGTTTGG 



TATTTTAAGG 
GCTGTTGTAG 
TTTTTACACT 
GGGGGTCCCT 
CAGGAGCAGG 
ATCATGTGGT 
GGTGCAGGCA 
CTCCAATGGT 
GGGACATAGG 
CAATACTTCT 
GCTCTCTCTC 
TCTCTCTTCC 
TGAGTTGTTT 
ATCTAGATTT 
TCTGTCGAGA 
CTGACAAGAA 
ACTTGGTTTA 
CCTAACTGTT 
TGTGATTTTA 
TAGACATTAA 
CTTCCCAATC 
TGTATCGGCT 
AGGTGATGTC 
TTTCATATCC 
TGATGTTGAG 
GTGTGTGTGT 
GTGTGTGTGT 
AATTATTTAT 
CCTAGCCTTC 
GAATGTCTTT 
CTGACATCTG 
AGTTTCTATT 
CTTTTTTCCC 
ATTATGCACT 
TGTACCTTGA 
AAAATATTTT 
CATAGTGTCT 
TTTGACCAAG 
CTCTTGTATT 
ATTTCCAGAT 
TGAAATGTTT 
TTATTCATTT 
CCTTGTGCTT 
ATATTGTCCT 
GATGATTGTA 



644a.00O.DK 



19 

SEQ ID NO:2 

B4B1 full sequenc (3,572 bp): 

1 GTCAGGAAGG GCGGCAGTGA GGAGAGGTAC CTACCCTCGT CCAAGGTAAG GAGCAGTAGC 

5 61 TGCGCTTTGC TGGAGCAGCC GTAAAGAGAT ACCCCACGCC CAAGGTAAGA GAAACCCAAG 

121 TAAGATGGTA GGTGTTGTGA GAGGGCATCA GAGGGCAGAC ATACTG7VAAC CATACACGCA 

181 GAAAACTAGT CAATCTAATC ACACTAGGAC CACAGCCTTG TCTAACTCAA TGAAACTAAG 

241 CCATGCCCGT GGGGCAACCC AAGATGGGCA GGTCATGGTG GAGAGATCTG ACAGAATGTG 

3 01 GTCCACTGGA GAAGGGAATG CAAACCACTT CAGTATTCTT GCCTTGAGAA CCCCATGAAC 

10 3 61 AGTATGAAAA GGCAAAATGA TAGGATACTG AAAGAGGAAC TCCCCAGGTC AGTAGGTGCC 

421 CCATATGCTA CTGGAGATCA GTGGAGAAAT AACTCCAGAA AGAATGAAGA GATGGAGCCA 

481 AAGCAAAAAG AATACCCAGC TGTGGATGTG ACTGGTGATA TAAGCAAGGT CCGATGCTGT 

541 AAAGAGCAAT ATTGCATAGG AACCTGGAAT GTCAGGTCCA TGAATCAAGG CAAATTGGAA 

601 GTGGTCAAAC AAGAGATGGC AAGAGTGAAT GTCAACATTC TAGGAATCAG CGAACTAAAA 

15 661 TGGACTGGAA TGGGTGAATT TAACTCAGAT GACCATTATA TCTACTACTG CGGGCAGGAA 

721 TCCCTCAGAA GAAATGGAGT AGCCATCATG GTCAACAAAA GAGTCCGAAA TGCAGTACTT 

7 81 GGATGCAGTC TCAAAAACGA CAGAATGATC TCTGTTTGTT TCCAAGGCAA ACCATTCAAT 

841 ATCACAGTAA TCCAAGTCTA TGCCCCAACC A6TAATGCTG AAGAAGCTGA AGTTGAACGG 

901 TCCTATGAAG ACCTACAAGA CCTTTTAGAA CTAACACCCA AAAAAGATGT CCTTCTCATT 

20 961 ATAGGGGACT GGAATGCAAA AGTAGGAAGC AAA6AAACAC CTGGAGTAAC AGGCAAATTT 

1021 GGCCTTGGAA TACGGAATGA AGCAGGGCAA AGACTAATAG AGTTTTGCCA AGAAAATGCA 

1081 CTGGTCATAG CAAACACCCT CTTCCAACAA CACAAGAGAA GACTCTACAC ATGGACATCA 

1141 CCAGATGGTC AACACCGAAA TCAGATTGAT TATATTCTTT GCAGCCAAAG ATGGAGAAGC 

1201 TCTATACAGT CAGCAAAAAC AAGACCAGGA GCTTACTGTG GCTCAGATCA TGAACTCCTT 

25 1261 ATTGCCAAAT TCAGACTTAA ATTGAAGAAA GTAGGGAAAA CCACTAGATC ACTCAGGTAA 

1321 GACCTAAATC CAATCCCTTA TGATTATACA GTGGAAGTGA GAAATAGATT TAAGGGCCTA 

13 81 GATCTGATAG ACAGAGTACC TAATGAACTA TGGACAGAGG TTCATGACAT TGTACAGGAG 

1441 ACAGGGATCG AGACCATCCC CATGGAAAAG AAATGCAAAA AAGCAAAATG GCTGTCTGGG 

1501 GAGGCCTTAC AAATAGCTGT GAAAAGAAGA GAAGTGAAAA GCAAAGGAAA AAAGGAAAGA 

30 1561 TAAAAGCATC TGAATGCAGA GTTCCAAAGA ACTTCCAGTT GTTCAAGCTG GTTTTAGAAA 

1621 AGTCAGAGGA ACCAGAGACC AAATTGCCAA CATCCTCTGT ATCATGGAAA AAGCAAGAGA 

1681 GTTCCAGAAA AACATCTATT TCTGCTTTAT TGACTATGCA AAAGCCTTTG ACTGTGGGGG 

1741 TCACAATAAA CTGTGGAAAA TTCTGAAAGG GATGGGAATA CCAGACCACC TGACCTGACT 

1801 CTTGAAAAAT TTGTATGCAG GTCAGGAAGG AACAGTTAGA ACTGGACATG GAACAACAGA 

35 1861 CTGGTTCCAA GTAGGAAAAG GAGTATGTCA AGGCTGTATA TTGTCACCCG GCTTGTTTAA 

1921 CTTCTATGCA GAGACATCAT GAGAAACGCT GGGCTGGAAG AAGCACAAGC TGGAATCAAG 

1981 ATTGCCGGGA GAAATAGCAA TAACCTCAGA TATGCAGATG ATACCACCCT TATGGCAGAA 

2041 AGTGAAGAGG AACTAAAAAG CCTCTTGATG AAGGTGAAAG AGGAGAGTGA AAAAGTTGGC 

2101 TTAAAGCTCA ACATTCAGAA AACGAAGATC ATGGCATCTG GTCCCATCAC TTCATGGGAA 

40 2161 ATAGATGGGG AAACAGTGGA AACAGTGTCA GACTTTATTT TTTGGGGGGC TCCAAAATCA 

2221 CTGCAGATGG TGACTGCAGC CATGAAATTA AAAGACACTT ACTCCTTGGA AGAAAAGTTA 

22 81 ACCAACCTAG ATAGCATATT GAAAAGCAGA GACATTACCT TGCCAACAAA GCCCCATCTA 

2 341 GTCAAGGCTA TGGTTTTTCC AGTGGTCATG TATGGATGTG AGAGTTGGAC TGTGAAGAAA 

24 01 GCTGAGCACT GAAGAATTGA TGCTTTTGAA CTGTGGTGTT GGAGAAGACT CTTGAGAGTC 

45 2461 CCTTGGACTG CAAGGAGATC CAACCAGTCC ATTCTGAAGG AGATCAGCCC TGGGATTTCT 

2521 TTGGAAGGAA TGATGCTAAA GCTGAAACTC CAGTACTTTG GCCACCTGAT CAGAAGAGCT 

2581 GACTCACTGG AAAAGACCCT GATGCTGGGA GGGATTGGGG GCAGGA6GAG AAGGGGACGA 

2641 CAGAGGATGA GATGGCTGGA TGGCATCACT GACTCGATGG ACGTGAGTCT GGGTGAACTC 

2701 CTGGAGTTGG TGATGGACAG GGAGGCCTGT CCTGCGGCGA TTCATGGGGT CACAAAGAGT 

50 2761 TGGACACGAC TGAGCAACTG AACTGAACTG AACTGTACTG AAACCTTAGT AGTTTATATT 

2 821 ACTCAGAAAA TAGTAATTTC ATATGTATTC AAAATTATTT CATAATGTTG GTTAAGATAA 

2881 TAAGATTTTC AAATTGATTT TTATCTTTGA TTTTTCTCTA CTTATTTAAT TTTGGGATTT 

2 941 TAACTATTTC TTCAATGACT TGTATTTCTA ATATTTACTT ATTCTATTTT ACTTTAATTG 

3001 CT^CTTATTTT TATTGATTTT TCTAATAAAA TCCAGTCCTT GTTTTTTTAA AAAGACTTTA 

55 3061 AAATTATTAA TTTCTCTTTA GTGTTTTACC AGTTCTTTCA GGCTACTTCT TTTGATTTAT 

3121 TTGGTCCTAT CTTTTCTCAA GTTTTGAATT GGCTACGTAA CTCATTTATC TTTATTTTTT 

3181 GTAAATTAGC TCTTTAAATT CATTATTCTT TGATAACAGC TTCAGTTCTA TGGCTTTAAT 

3241 AAAGTTTTTT tTTTTTTTTT TTTTTAAAGA ATGTCATTCT TTGTGAAGTT TTGACAATGC 
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3301 TTTQAGCAAT AATTTAGGAT ATTTTTGAAT GGTTCATGAG TATGCTTTTG TACTTGGCAT 

3361 TTATTGAAGT TTATGATTTA TGAATTATGA TGCTTTTTTT TGGGCATAAA GGTCTATGGC 

34 21 ATATTTTTTG TGGTCTATAT TCTTAAAATT ATAAATTGGC TTTAAAAAGT ATTTGCTGCT 

34 81 ATTAAACATG AATTAAGTCT TATTTGGACT ATAGTGGAGT CACAAAAGAG TTGGACATGA 

5 3541 CTTAGCGACT AAGCAACAAC AGCAGAAAGC TT 

SEQ ID NO:3 

LRCA2 partlel sequence Hind lll-EcoR I fragment cloned in pSEAP2*LRCA2 (2,003 bp): 

10 1 AGCTTTCCAG AGAGACTTCA TAATATATTT TCTTGAAGCC TCTGCTGGCA ATACTTCTGG 

61 GGCTGCTGCC TTTCTCCCTG TCTGATTCCT AGGGTGAGGG TTACCACTGC TCTCTCTCTC 

121 CCTTTCTCTA ACACTTCTGG GCCAGGGTAG GGGCACTACC GCATTCCCTC TCTCTTCCAA 

181 ACACTTCTAT TTCTTGATTT CTATCTTGGC TCATTTTTAA CTCAGTAGTG AGTTGTTTGG 

241 TTTCCATAAG TTTGTAAGTT TTCTGTTGTT TCTGTTGTTG TTGTTGTTAT CTAGATTTAA 

15 301 GCTGTGGTGG TCAGATAGGA CATAGAGTAT TATTTCAATT GTCTTTTATC TGTCGAGACT 

361 TGCTTTGTTT TGAAATATGT ATTCAATTTT GGAGAGTTTC ATAGGGTGCT GACAAGAAGG 

421 TACAGTCTTT GTGTTTTGGT GAAATAGTCT GTAAATATCT CTAGGTCCAC TTGGTTTATG 

481 ACATCAQTTA GCTCCAGCAT TTCTCTGTTT CGTTTTTTGT TGAGATGACC TAACTGTTGG 

541 AGAGAATGGG GTATTGAAGT AGCCCACTAT CTGTGTGTGA GGTCAATATG TGATTTTAGC 

20 601 TGTAGCTGTG CTTGTTTTAT GAACTTGGGT GACATTGTGT TTGGTGCATA GACATTAAGA 

661 ATTGCAATGT CCTCTTGGTG GATTTTCCTT TGATGCCTAT GTAGTATTCT TCCCAATCTC 

721 ATCTGCTTAG TTTTGGGTTT AAGTCTATTA GTCAGATATT AAAATGACTG TATCGGCTTG 

781 CTTCTTAGGG CCATTTGCTT AGAATATCTT TTCCATCCTT TTACTCTAAG GTGATGTCTA 

841 TCCATGGTAG GTTGTCTTTT TTGGATGCAG CAGTAGGATG GATCTTGTTT TCATATCCAT 

26 901 TCTGTTACCC AGTATCTTTT TCTAGAGAAA TTAAGATCAT TGAGTCATTG ATGTTGAG/U^ 

961 TTATCAATGA GCAGTGTTTG TGGATTCTTG TTATCTTGCA CTTGTGAAGT GTGTGTGTGT 

1021 GTGTGTGTGT GTGTGTGTGT GTGTGTGTGT GTGTGTGTGT GTGTGTGTGT GTGTGTGTGT 

1081 GTGTCTTGTG TGTCTGTGTT CTCTCCCCTC TTTTGATTTT TGGCCTGGAA TTATTTATTA 

1141 TTCATATTTT CTTGAATGTG GGTAACATCT TTAGATTGAA GTTTTTCTCC TAGCCTTCTT 

30 1201 TAGGTCTGCA TTTGAAGATA GATATTCTTT ACATCTGATT TTATCTTAGA ATGTCTTTCT 

1261 TTCTCCAACT ATTGTGACAG AAAGTTTTTC TAAGTGCAGT AGTCTGGCCT GACATCTGTA 

1321 GTCTCTTGGA GTCTGTAGCA CATCTGTGCA GGGCCTTCTT ACATTTTGAG TTTCTATTGG 

13 81 AAAAGTCAGG TGTAATTCTA ATACATCTGC CTTTATATGT TAATTGGTCT TTTTTCCCTT 

1441 GCATCTTTTA ATATTCTTTC TTTGTTCTAT ACTTTTAGTG ATTTGATTAT TATGCACTGT 

35 1501 GGGGAGTTTC TTTTCCGGTC CAATCTATTT GGTGTTTTGT ATGCTTCTTG TACCTTGATA 

1561 GGCATCTCTT TCTCAAGGTT AGGAAATTTT TCTTTTTTGG TTTTCTTGAA AATATTTTCC 

1621 CTGCTTTTGA CCTGCCTTCT TCCCCTTCCT CTATTCCTTT GGTTTTTGCA TAGTGTCTCT 

1681 GGCTTCCTG6 ATGTTTTATG CCTGGATTAT TTTAGACTTA ACATTTTCTT TGACCAAGGT 

1741 ATCCATTTCT TCTATCTTGT CTTCACTGCC TGAGATTCTC TCTTCTATCT CTTGTATTCT 

40 1801 GTCAGTGAGG CTTGTCTCTG AGGTTCCTGT TGGGTTCTTA ATTTTTTCAT TTCCAGATTT 

1861 CCTTCAGTTT GGGTTTTGTT TATTAATTCT ATTTCCACTT TCAGGTCCTG AAATGTTTTA 

1921 CTCATTTTCC TCCCAGTATT TACATTTTCA TAGGTTTCTT TAATGGATTT ATTCATTTCC 

1981 TCTTCAAGGA CCTTTTATGA ATT 

45 SEQ ID NO:4 

LRCA2 partiel sequence Mlu l-Bcl I fragment cloned in pLRCA2-SEAP2 (2,279 bp): 

1 GATCACTCCT CTAGTGAAAG GTGGOGGTCT GAGGCTCCAA TGGTTGTTGA TGTGGTAGAG 

61 TATCTCATAC AGAGGATAGC ACTAGATGCT GTCTGGGACA TAGGTAAGCT TTCCAGAGAG 

50 121 ACTTCATAAT ATATTTTCTT GAAGCCTCTG CTGGCAATAC TTCTGGGGCT GCTGCCTTTC 

181 TCCCTGTCTG ATTCCTAGGG TGAGGGTTAC CACTGCTCTC TCTCTCCCTT TCTCTAACAC 

241 TTCTGGGCCA GGGTAGGGGC ACTACCGCAT TCCCTCTCTC TTCCAAACAC TTCTATTTCT 

301 TGATTTCTAT CTTGGCTCAT TTTTAACTCA GTAGTGAGTT GTTTGGTTTC CATAAGTTTG 

361 TAAGTTTTCT GTTGTTTCTG TTGTTGTTGT TGTTATCTAG ATTTAAGCTG TGGTGGTCAG 

55 421 ATAGGACATA GAGTATTATT- TCAATTGTCT TTTATCTGTC GAGACTTGCT TT6TTTTGAA 
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10 



15 



20 



25 



30 



481 
541 
601 
661 
721 
781 
841 
901 
961 
1021 
1081 
1141 
1201 
1261 
1321 
1381 
1441 
1501 
1561 
1621 
1681 
1741 
1801 
1861 
1921 
1981 
2041 
2101 
2161 
2221 



ATATGTATTC 
TTTGGTGAAA 
CAGCATTTCT 
TGAAGTAGCC 
TTTTATGAAC 
TTGGTGGATT 
GGGTTTAAGT 
TTGCTTAGAA 
TCTTTTTTGG 
TCTTTTTCTA 
TGTTTGTGGA 
GTGTGTGTGT 
TGTGTTCTCT 
AATGTGGGTA 
AAGATAGATA 
TGACAGAAAG 
GTAGCACATC 
ATTCTAATAC 
TCTTTCTTTG 
CCGGTCCAAT 
AAGGTTAGGA 
CCTTCTTCCC 
TTTATGCCTG 
TCTTGTCTTC 
TCTCTGAGGT 
TTTGTTTATT 
AGTATTTACA 
TTATGAATTC 
TCAGGGCCTA 
GTTTTTGCTT 



AATTTTGGAQ 
TAGTCTGTAA 
CTGTTTCGTT 
CACTATCTGT 
TTGGGTGACA 
TTCCTTTGAT 
CTATTAGTCA 
TATCTTTTCC 
ATGCAGCAGT 
GAGAAATTAA 
TTCTTGTTAT 
GTGTGTGTGT 
CCCCTCTTTT 
ACATCTTTAG 
TTCTTTACAT 
TTTTTCTAAG 
TGTGCAGGGC 
ATCTGCCTTT 
TTCTATACTT 
CTATTTG6TG 
AATTTTTCTT 
CTTCCTCTAT 
GATTATTTTA 
ACTGCCTGAG 
TCCTGTTGGG 
AATTCTATTT 
TTTTCATAGG 
ATAAAATGTA 
TTGTAATAGG 
TGGCATATAG 



AGTTTCATAG 
ATATCTCTAG 
TTTTGTTGAG 
GTGTGAGGTC 
TTGTGTTTGG 
GCCTATGTAG 
GATATTAAAA 
ATCCTTTTAC 
AGGATGGATC 
GATCATTGAG 
CTTGCACTTG 
GTGTGTGTGT 
GATTTTTGGC 
ATTGAAGTTT 
CTGATTTTAT 
TGCAGTAGTC 
CTTCTTACAT 
ATATGTTAAT 
TTAGTGATTT 
TTTTGTATGC 
TTTTGGTTTT 
TCCTTTGGTT 
GACTTAACAT 
ATTCTCTCTT 
TTCTTAATTT 
CCACTTTCAG 
TTTCTTTAAT 
TGTTAAGGTC 
GTTTTAGCAG 
ACGGCTGAGT 



GGTGCTGACA 
GTCCACTTGG 
ATGACCTAAC 
AATATGTGAT 
TGCATAGACA 
TATTCTTCCC 
TGACTGTATC 
TCTAAGGTGA 
TTGTTTTCAT 
TCATTGATGT 
TGAAGTGTGT 
GTGTGTGTGT 
CTGGAATTAT 
TTCTCCTAGC 
CTTAG7VATGT 
TGGCCTGACA 
TTTGAGTTTC 
TGGTCTTTTT 
GATTATTATG 
TTCTTGTACC 
CTTGAAAATA 
TTTGCATAGT 
TTTCTTTGAC 
CTATCTCTTG 
TTTCATTTCC 
GTCCTGAAAT 
GGATTTATTC 
CTTGCCTT6T 
GGACATATTG 
TTGGGATGAT 



AGAAGGTACA 
TTTATGACAT 
TGTTGGAGAG 
TTTAGCTGTA 
TTAAGAATTG 
AATCTCATCT 
GGCTTGCTTC 
TGTCTATCCA 
ATCCATTCTG 
TGAGAATTAT 
GTGTGTGTGT 
GTGTGTGTGT 
TTATTATTCA 
CTTCTTTAGG 
CTTTCTTTCT 
TCTGTAGTCT 
TATTGGAAAA 
TCCCTTGCAT 
CACTGTGGGG 
TTGATAQGCA 
TTTTCCCTGC 
GTCTCTGGCT 
CAAGGTATCC 
TATTCTGTCA 
AGATTTCCTT 
GTTTTACTCA 
ATTTCCTCTT 
GCTTCAGCTA 
TCCTGGTTGT 
TGTAATTCTA 



GTCTTTGTGT 
CAGTTAGCTC 
AATGGGGTAT 
GCTGTGCTTG 
CAATGTCCTC 
GCTTAGTTTT 
TTAGGGCCAT 
TGGTAGGTTG 
TTACCCAGTA 
CAATGAGCAG 
GTGTGTGTGT 
CTTGTGTGTC 
TATTTTCTTG 
TCTGCATTTG 
CCAACTATTG 
CTTGGAGTCT 
GTCAGGTGTA 
CTTTTAATAT 
AGTTTC TTTT 
TCTCTTTCTC 
TTTTGACCTG 
TCCTGGATGT 
ATTTCTTCTA 
GTGAGGCTTG 
CAGTTTGGGT 
TTTTCCTCCC 
CAAGGACCTT 
TGTTGCATTC 
TATTGTCTGT 
GGTGCTGAT 
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SEQ ID NO: 5 

LRCA2 partiel sequence iU.RCA2 Mlu l/Sfu I fragment cloned in /tt.RCA2-SEAP2 pLCRA2 
(2.267 bp): 



1 GATCACTCCT CTAGTGAAAG GTGGGGGTCT GAGGCTCCAA TGGTTGTTGA TGTGGTAGAG 

61 TATCTCATAC AGAGGATAGC ACTAGATGCT GTCTGGGACA TAGGTAAGCT TTCCAGAGAG 

121 ACTTCATAAT ATATTTTCTT GAAGCCTCTG CTGGCAATAC TTCTGGGGCT GCTGCCTTTC 

181 TCCCTGTCTG ATTCCTAGGG TGAGGGTTAC CACTGCTCTC TCTCTCCCTT TCTCTAACAC 

40 241 TTCTGGGCCA GGGTAGGGGC ACTACCGCAT TCCCTCTCTC TTCCAAACAC TTCTATTTCT 

301 TGATTTCTAT CTTGGCTCAT TTTTAACTCA GTAGTGAGTT GTTTGGTTTC CATAAGTTTG 

361 TAAGTTTTCT GTTGTTTCTG TTGTTGTTGT TGTTATCTAG ATTTAAGCTG TGGTGGTCAG 

421 ATAGGACATA GAGTATTATT TCAATTGTCT TTTATCTGTC GAGACTTGCT TTGTTTTGAA 

481 ATATGTATTC AATTTTGGAG AGTTTCATAG GGTGCTGACA AGAAGGTACA GTCTTTGTGT 

45 541 TTTGGTGAAA TAGTCTGTAA ATATCTCTAG GTCCACTTGG TTTATGACAT CAGTTAGCTC 

601 CAGCATTTCT CTGTTTCGTT TTTTGTTGAG ATGACCTAAC TGTTGGAGAG AATGGGGTAT 

661 TGAAGTAGCC CACTATCTGT GTGTGAGGTC AATATGTGAT TTTAGCTGTA GCTGTGCTTG 

721 TTTTATGAAC TTGGGTGACA TTGTGTTTGG TGCATAGACA TTAAGAATTG CAATGTCCTC 

781 TTGGTGGATT TTCCTTTGAT GCCTATGTAG TATTCTTCCC AATCTCATCT GCTTAGTTTT 

50 841 GGGTTTAAGT CTATTAGTCA GATATTAAAA TGACTGTATC GGCTTGCTTC TTAGGGCCAT 

901 TTGCTTAGAA TATCTTTTCC ATCCTTTTAC TCTAAGGTGA TGTCTATCCA TGGTAGGTTG 

961 TCTTTTTTGG ATGCAGCAGT AGGATGGATC TTGTTTTCAT ATCCATTCTG TTACCCAGTA 

1021 TCTTTTTCTA GAGAAATTAA GATCATTGAG TCATTGATGT TGAGAATTAT CAATGAGCAG 

1081 TGTTTGTGGA TTCTTGTTAT CTTGCACTTG TGAAGTGTGT GTGTGTGTGT GTGTGTGTGT 

55 1141 GTGTGTGTGT GTGTGTGTGT GTGTGTGTGT GTCTGTGTCT TGTGTGTCTG TGTTCTCTCC 

1201 CCTCTTTTGA TTTTTGGCCT GGAATTATTT ATTATTCATA TTTTCTTGAA TGTGGGTAAC 

1261 ATCTTTAGAT TGAAGTTTTT CTCCTAGCCT TCTTTAGGTC TGCATTTGAA GATAGATATT 
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1321 CTTTACATCT GATTTTATCT TAGAATGTCT TTCTTTCTCC AACTATTGTG ACAGAAAGTT 

1381 TTTCTAAGTG CAGTAGTCTG GCCTGACATC TGTAGTCTCT TGGAGTCTGT AGCACATCTG 

1441 TGCAGGGCCT TCTTACATTT TGAGTTTCTA TTGGAAAAGT CAGGTGTAAT TCTAATACAT 

1501 CTGCCTTTAT ATGTTAATTG GTCTTTTTTC CCTTGCATCT TTTAATATTC TTTCTTTGTT 

5 1561 CTATACTTTT AGTGATTTGA TTATTATGCA CTGTGGGGAG TTTCTTTTCC GGTCCAATCT 

1621 ATTTGGTGTT TTGTATGCTT CTTGTACCTT GATAGGCATC TCTTTCTCAA GGTTAGGAAA 

1681 TTTTTCTTTT TTGGTTTTCT TGAAAATATT TTCCCTGCTT TTGACCTGCC TTCTTCCCCT 

1741 TCCTCTATTC CTTTGGTTTT TGCATAGTGT CTCTGGCTTC CTGGATGTTT TATGCCTGGA 

1801 TTATTTTAGA CTTAACATTT TCTTTGACCA AGGTATCCAT TTCTTCTATC TTGTCTTCAC 

10 1861 TGCCTGAGAT TCTCTCTTCT ATCTCTTGTA TTCTGTCAGT GAGGCTTGTC TCTGAGGTTC 

1921 CTGTTGGGTT CTTAATTTTT TCATTTCCAG ATTTCCTTCA GTTTGGGTTT TGTTTATTAA 

1981 TTCTATTTCC ACTTTCAGGT CCTGAAATGT TTTACTCATT TTCCTCCCAG TATTTACATT 

2041 TTCATAGGTT TCTTTAATGG ATTTATTCAT TTCCTCTTCA AGGACCTTTT ATQAATTCAT 

2101 AAAATGTATG TTAAQGTCCT TGCCTTGTGC TTCAGCTATG TTGCATTCTC AGGGCCTATT 

15. 2161 GTAATAGGGT TTTAGCAGGG ACATATTQTC CTGGTTGTTA TTGTCTGTGT TTTTGCTTTG 

2221 GCATATAGAC GGCTGAGTTT GGGATGATTG TAATTCTAGG TGCTGAT 



SEQ ID NO:6 
20 MCS-Linker 

GCTGGGCCCGATATCACCGGTTAATTAACTAGTTTAAAC 



SEQ ID NO:7 
Primer JO_253 
25 TATTAAGATCTAGTTATTAATAGTAATCAATTAC 

SEQ ID NO:8 
Primer JO-253 

TATATAAGCTTGATCTGACGGTTCACTAAAC 

30 

SEQ ID NO:9 

Primer CLC394 

AAAACTGGGAACCATTTGTG 

35 SEQ ID NO: 10 
Primer CLC65L 
CTGCAGAAGAGGCGACAG 



6448.00(>-DK 



23 

Claims : 

I. A method for production of Factor VII polypeptides or Factor Vll-related polypep- 
tides comprising a) transfecting a mammalian cell with an expression vector comprising a 

5 nucleic add molecule encoding Factor VII or a Factor Vll-related polypeptide and expression 
control regions operatively linked to thereto and at least one S/MAR element; b) culturing the 
transfected cell under conditions for expression of Factor VII or a Factor Vll-related polypep- 
tide and c) isolating the expressed polypeptide by suitable means. 

2 A method according to claim 1, wherein the expression vector comprises two 
10 S/MAR elements. 

3. Method according to claim 1 or 2, wherein the S/MAR elements are selected from 
the group consisting of SEQ ID NO:1 and SEQ ID NO:2, functional fragments thereof and 
sequences being at least 70% homologous thereto. 

4. A method according to claim 2, wherein the S/MAR elements are the same. 

15 5. A method according to claim 4, wherein the S/MAR elements are SEQ ID NO:1. 

6. A method according to claim 4, wherein the S/MAR elements are SEQ ID NO:2. 

7. A method according to claim 4, wherein the S/MAR elements are SEQ ID NO:3. 

8. A method according to claim 4. wherein the S/MAR elements are SEQ ID NO:4. 

9. A method according to claim 4, wherein the S/MAR elements are SEQ ID NO:5. 

20 10. A method according to claim 2. wherein the S/MAR elements are SEQ ID NO:1 

and 2, respectively. 

II. A method according to claim 2. wherein the S/MAR elements are SEQ ID NO:2 
and 3, respectively. 

12. A method according to claim 2, wherein the S/MAR elements are SEQ ID NO:2 
25 and 4, respectively. 

13. A method according to claim 2. wherein the S/MAR elements are SEQ ID NO:2 
and 5, respectively. 

14. A method according to claim 1, wherein the S/MAR elements are located in a dis- 
tance of from 0 tolO kb from the DNA encoding Factor VII or a Factor Vll-related polypeptide 

30 and the expression control regions. 

15. Method for production of polypeptides or proteins in transfected mammalian cells 
comprising a) transfecting a mammalian cell with an expression vector comprising a nucleic 
acid molecule encoding the desired polypeptide or protein expression control regions opera- 
tively linked to thereto and at least one S/MAR element selected from the group consisting of 

35 SEQ ID NO:1 or SEQ IQ NO:2, functional fragments thereof and sequence being at least 
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70% homologous thereto; b) culturing the transfected cell under conditions for expression of 
the desired polypeptides or protein and c) isolating the expressed product by suitable nneans. 

16 A method according to claim 15, wherein the expression vector comprises two 
S/MAR elements. 

17. Method according to claim 15 or 16, wherein the S/MAR elements are selected 
from the group consisting of SEQ ID NO:1 and SEQ ID NO:2, functional fragments thereof 
and sequences being at least 70% homologous thereto. 

18. A method according to claim 18, wherein the S/MAR elements are the same. 

19. A method according to claim 18. wherein the S/MAR elements are SEQ ID NO:1. 

20. A method according to claim 18, wherein the S/MAR elements are SEQ ID NO:2. 

21. A method according to claim 18. wherein the S/MAR elements are SEQ ID NO:3. 

22. A method according to claim 18. wherein the S/MAR elements are SEQ ID NO:4. 

23. A method according to claim 18. wherein the S/MAR elements are SEQ ID NO:5. 

24. A method according to claim 16. wherein the S/MAR elements are SEQ ID NO:1 
and 2. respectively. 

24. A method according to claim 16, wherein the S/MAR elements are SEQ ID NO:2 
and 3, respectively. 

25. A method according to claim 16, wherein the S/MAR elements are SEQ ID NO:2 
and 4, respectively. 

26. A method according to claim 16, wherein the S/MAR elements are SEQ ID NO:2 
and 5. respectively. 

27. Isolated DNA sequence having the sequence SEQ ID NO:1. 

28. Isolated DNA sequence having the sequence SEQ ID NO:2. 

29. Isolated DNA sequence having the sequence SEQ ID NO:3. 

30. Isolated DNA sequence having the sequence SEQ ID NO:4. 

31. Isolated DNA sequence having the sequence SEQ ID NO:5. 

32. Vector constructs comprising a nucleic acid molecule encoding Factor VII or a 
Factor Vll-related polypeptide and expression control regions operatively linked to thereto 
and at least one S/MAR element 

33. Vector construct according to claim 32, wherein the S/MAR elemens are selected 
from the group consisting of SEQ ID NO:1; 2; 3; 4 and 5. 

34. Vector constructs comprising a nucleic add molecule encoding a desired poly- 
peptide or protein, expression control regions operatively linked to thereto and at least one 
S/MAR element selected from the group consisting of SEQ ID NO:1 , 2, 3, 4 and 5. 
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35. Transfected mammalian cell lines comprising a vector construct according to 
claims 33 or 34. 
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Abstra t 

The present invention relates to scaffold/matrix attachment regions isolated from 
5 hamster cells and their use for the industrial production of recombinant proteins. Thus the 
invention is related to a method for production of Factor VII polypeptides or Factor VI l-related 
polypeptides comprising a) transfecting a mammalian cell with an expression vector compris- 
ing a nucleic acid molecule encoding Factor VII or a Factor Vll-related polypeptide, expres- 
sion control regions operatively linked to thereto and at least one S/MAR element; b) cultur- 
10 ing the transfected cell under conditions for expression of Factor VII or a Factor Vll-related 
polypeptide and c) isolating the expressed polypeptide by suitable means. 
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